This paper highlights the importance of pneumatic classification process to improve the performance of many applications using solid polidisperse materials, particularly the sugar cane bagasse. It was designed a classification column with the appropriate characteristics to separate sugar cane bagasse into three fractions, designated as coarse, medium, and fine fractions. The classification took place in the column due to the finetuning of airflow regimes. In the evaluation of the classification, the following indicators are used: purity index, classification efficiency, and degree of separation. These indicators were experimentally determined in a laboratory installation for sugar cane bagasse particles. A fine fraction with a mean diameter of 0.398 mm with an efficiency of classification of 84.5% and an index of purity of 98.4% was obtained during the experimental research work carried out. This gives an idea of the percentage of separation and homogeneity of the fine fraction contained in the bagasse fed to the column. In conclusion, the bagasse fractions are separated within a definite particle size range, which can improve its practical applications in processes such as hydrolysis, combustion, and in many other operations where a classified solid polidisperse material is necessary.
Introduction
A great part of raw materials used for industrial processes, including combustion and electricity generation, is in a solid state. Many of them appear as natural products and often cannot used directly in most applications. In such cases, it is necessary to reduce the size of the particles, resulting in a mixture of particles with different sizes, shapes, and even densities.
Generally, the solid particles obtained through a mechanical disintegration process, which is the case of many minerals and agricultural products. Also in some other industrial processes, a solid residue composed of different size fractions of the original material is generated, as in the case of sugar cane bagasse, rice husks, sawdust, etc. In the case of sugar cane bagasse, each one of the possible practical applications, such as combustion, thermo chemical conversion, acidic or enzymatic hydrolysis, drying, pneumatic transport, etc. requires an appropriate size of particles, as well as the knowledge of its properties and fluid dynamics behavior. Some authors, using different methods, have investigated the properties of sugar cane bagasse particles [1] , [5] , [6] , [7] , [8] .
Importance of Solid Particle Classification
Generally, those industries or processes, which work with solid materials, need to use a certain particle size to obtain a final product with the required quality and the possibility of further use [3] . Some examples are:
− Particle size plays a decisive role in chemical reactors regarding reactivity and speed of reaction.
− The size of carbon particles defines its price and possible applications. − In steam production by means of solid fuels, the size of the particles is an important factor in mechanical feeder's choice.
− Biomass handling processes such as drying, pneumatic transportation, and combustion require that particle's size be as homogeneous as possible to obtain a good performance.
− In animal food preparation from solid materials of vegetable origin, an appropriate range of particle sizes is required to obtain proper food digestibility.
− When wood and/or vegetable biomass residues are submitted to agglomeration processes the size of solid particles determines the quality of the final product.
The objectives of the investigation were: 1-To define the indicators of effectiveness that qualitatively and quantitatively describe the process of pneumatic classification of sugar cane bagasse and any other similar solid materials. 2- To carry out an experimental study based on a special type of classification column with the purpose of obtaining three different and more homogeneous fractions of sugar cane bagasse, designated as coarse, medium, and fine fractions. In addition, it can be used to obtain models, which describe the indicators of effectiveness through curves for the fine fractions.
Theoretical foundations
The process of particle entrainment was carried out in a fluidized bed shown in Fig.1 .
The magnitude of the entrained particles, in a given set of operational conditions, depends exponentially on the height of the dispersed phase. When this phase reaches a certain height, called transport-disengaging height (TDH), the carrier gas becomes saturated and the particles reaching this level are pneumatically transported towards the installation's exit [4] .
To classify polidisperse solid materials into three different fractions according to the shape, size, and/or density of the solid particles [9] , [11] , an installation was projected taking into account the dynamic behavior as well as the physical and the fluid dynamical characteristics of the gas-solid system, Along the height of the column are located lateral captators to separate the different fractions: in the higher part of the dense phase is located the captator to separate the coarse fraction; in the middle of the disperse phase is located the captator to separate the medium fraction. Finally a captator to separate the fine fraction is located in the upper part of the disperse zone.
Physical Model of the Classification Column
The solid material is fed into the classification column at a flow rate FA , which will be separated into the coarse fractions, F1, the medium fraction, F2, and the fine fraction, F3.
Each one of these fractions is characterized by the mean diameter of its particles. As can be seen in Fig. 2 , the objective is to separate the polidisperse material into three homogeneous fractions. Each fractions should contain the highest quantity of the corresponding particles. It means that the coarse fraction should contain the particles with a mean diameter, dc; the medium fraction should contains particles with a mean diameter, dm, and the fine fraction should be composed mainly by particles of mean diameter, df. Since the main objective is to classify and separate the bulk of particles in three fractions as homogeneously as possible and with the greatest purity, some indicators to describe the effectiveness of this process will be defined. This fact will allow us to determine the best operation conditions to obtain the desired fractions. 
Indicators of Effectiveness of the Process of Pneumatic Classification
The criteria used to define the effectiveness of pneumatic classification are the following:
-To separate the maximum amount of particles of a given size out of the total amount of such particles fed into the classification column.
-To separate the maximum amount of particles of a given size with the smallest quantity of particles of other sizes.
According to the first criterion, it is possible to evaluate the degree of completeness of the separation of an amount of particles of a given size. The name of this criterion is classification efficiency, NC. The second criterion, called purity index, PI, gives an idea of the quality of the classification process.
The following general definitions and expressions are presented. Attending to these conditions, Classification Efficiency, NC(i). It expresses the mass ratio between the amount of particles with a given diameter di separated in a collector n and the total amount of particles of this diameter contained in the flow of solids fed to the classifier, FA.
Purity Index (PI). It expresses the mass ratio between the amount of particles with a given diameter di separated in a collector n and the total amount of particles in the same collector.
Where:
Fn ( Other additional indicators such as degree of separation and concentration of the different fractions in the mixture to be classified will be defined as well.
Degree of separation, NS
This criterion expresses the mass ratio between the total amount of material separated in a given collector, Fn, and the material fed to the classifier, FA. In a general, NS(n) can be expressed as:
Mixture Concentration, MC
This criterion expresses the mass ratio of particles with a given mean diameter, di, contained in the total flow of solid fed to the classifier, FA.
It is possible to express the classification efficiency combining the equations previously defined as,
Materials and methods
The classification column used was designed and constructed attending to previous research studies conducted by Roca and Boizan [9] and Roca et al. [10] . The experimental installation is shown in Fig. 4 . It consists of a main cylindrical column with and internal diameter of 0.165 m and a height of 1.00 m, three collectors to separate the different fractions, a screw conveyor to feed the polidisperse sample of sugar cane bagasse and a centrifugal fan to supply the air, which is not shown in the figure. 
Experimental Procedure
The experiments were carried out with a sugar cane bagasse sample of 9.6 % moisture w. b. of a Cuban sugar mill composed of three fractions of known weight characterized by the mean diameter and concentration of the particles, as shown in Table 1 .
The sample to be classified, whose weight and composition are known, is introduced in the bin placed above the screw conveyor. Then the centrifugal fan is switch on and a low value of the flow of air is set so that the process of dragging and separation of the particles can be initiated at the minimum regime, once the screw conveyor starts the feeding of the polidisperse material.
When the entire sample is fed to the column the experiment finishes and the time of operation is registered. In this moment the screw conveyor is turn off and the contents of the three collectors are weighed and analyzed for particle size composition. The experiment is continued by setting a new and higher value for Q, introducing a new sample of bagasse into the bin and repeating the same steps previously described. A complete experiment ends when a value of airflow is so high that the classification process is no longer possible.
To study the complete process, it was necessary to fix five values of airflow, which were replicated 3 times. From the experimental information obtained, the effectiveness of the classification process defined in this paper was calculated.
Results and discussion
The work of experimental investigation carried out allowed studying the behavior of the process of pneumatic classification of a mixture into three fractions of sugar cane bagasse in function of the flow of air. A special emphasis was given to the behavior of these indicators for the case of the fine fraction separated at the upper collector. Therefore, the empirical models of the purity index, classification efficiency and degree of separation obtained for the fine fraction are expressed on Eq. 6, 7 and 8 and shown in Fig. 5, 6 and 7 (8) With regard to the fine particles with mean diameter df, in the upper collector, it is observed that as Q increases, purity index clearly decreases and simultaneously the classification efficiency, NC, increases as it was previously predicted. On the other hand, it is evident that the degree of separation index, Ns, also increases. It can be observed also that with air flows of up to approximately 0.01 m 3 /s, the purity index remains practically at its maximum value, while the classification efficiency increases to a value of around 80%. With a later increase of the flow air, the classification efficiency continues increasing, but the index of purity begins to diminish. This way, these two curves could intersect for a certain value of the air flow, but the index of purity would continue diminishing so much until the process of pneumatic classification would be interrupted and we would be in presence of a regime of pneumatic transport. In this last case, the classification efficiency of the fine fraction would be 100% and the purity index would coincide with the value of the concentration of the mixture, since the degree of separation would also be 100%.
The desired operation point for this classification column should be determined depending on the specific requirements of the fraction needed for a given application. In any case, if the desired condition is a high purity index, both the classification efficiency and the degree of separation will be necessarily low. A similar analysis can be conducted for the medium fraction at the intermediate collector and for the coarse fraction at the lower collector of the classification column. On the other hand, if flue gases from a combustion process are used as classifying gas, it is possible, at the same time, to classify and dry fibrous particles to be used directly as fuel [11] , [12] . 
Conclusions
In this paper some important indicators, such as the classification efficiency, NC, purity index, PI, and degree of separation, NS, were defined and calculated to evaluate the effectiveness of this complex process. Regarding the value of these indicators, it was observed that the value of the concentration of the different fractions in the polydisperse material, MC, has a certain influence in the behavior of the process [8] . This effect should continue being investigated, as well as the influence of the height of the intermediate collector in order to find a math model that could describe in a more general way the complex phenomenon of pneumatic separation of sugar cane bagasse.
The operation of the classification column reported in this paper, designed to separate a polydisperse solid materials into three fractions, can be considered as very satisfactory. In this case, the classification column separates the sugar cane bagasse into three fractions based upon the mean diameter of the particle. The fine fraction rich in fine particles with mean diameter df, is collected at the upper end of the classification column. In a similar way, medium size particles with mean diameter dm separate from the rest of the particles mainly at the collector placed at an intermediate height of the classification column. Meanwhile, the coarse particles with mean diameter dc are collected at the bottom of the column.
The design of the classification column can be adjusted to obtain the most appropriate fractions for each type of application. For example, acidic or enzymatic hydrolysis; to improve the combustion process in the boilers of the sugar mill [Roca; Boizan, 1993] ; to prepare animal food; to separate the fibrous part in pulp and paper industry; to manufacture pressed boards, and to increase the efficiency of thermo chemical conversion process.
